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Abstract Breast cancer is the leading cause of cancer-re-
lated death in women worldwide. Invasive ductal carcinoma
(IDC) is the most frequent invasive form of breast cancer
followed by metastasis. There is no accepted marker for
distinguishing this form from other less aggressive forms of
breast cancer. Therefore, finding new markers especially
molecularly detectable ones are noteworthy. It has been
shown that NOTCH1 has been overexpressed in the patients
with breast cancer, but no study has investigated the
expression of NOTCH1 and its correlation with other
molecular and hormonal markers of breast cancer so far. In
the current study, 20 breast cancer tissues and 20 matched
adjacent normal breast tissue from breast cancer patients
were obtained and categorized in two groups: patients with
IDC and patient with other types of breast cancer. Gene
expression analysis using real-time PCR showed that the
NOTCH1 gene was significantly overexpressed in patients
with IDC. We also found a slight correlation between
NOTCH1 overexpression and p53 accumulation in the
cancerous cells confirmed by Immunohistochemistry (IHC).
This results showed that it is possible to introduce NOTCH1
expression as a novel biomarker of IDC, alone or preferably
accompanied by IHC of p53. We also can design new ther-
apeutic agents targeting NOTCH1 expression for inhibition
of metastasis in ductal breast carcinoma.
Keywords Breast cancer  NOTCH1  Invasive ductal
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Introduction
Breast cancer is the most common malignancy in women
worldwide. Despite the improvements in therapies for
breast cancer such as chemotherapy, radiotherapy and
hormone therapy, recurrent rates are high (Weigelt et al.
2005; Rad et al. 2015). Like other malignancies, two
important factors that make a treatment successful in breast
cancer are early diagnosis and prognosis (Turner et al.
2014). There is always a lacuna in the diagnosis of breast
cancer at early stages (Donepudi Ms Fau-Kondapalli et al.
2014). Specific gene expression signatures have been used
to create new tests that could offer better prognosis than the
traditional diagnostic methods. Therefore, new molecular
markers are needed as prognostic tools in breast cancer.
After surgery, gene expression profile of breast tumor
might be an applicable way for identification of patients
who are more likely to develop metastasis to distant organs
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specially bone, lung, and liver. Microarray studies showed
a significant difference in gene expression profile of
metastatic and in situ localized tumors (Fu et al. 2014;
Kumar et al. 2012). Furthermore, gene expression signature
of breast tumor may be a useful tool for identification of
new therapeutics (Rad et al. 2015). Improving our under-
standing of molecular mechanisms underlying metastasis
and cancer invasiveness will also help clinical decision-
making process for patients with cancer.
From different subtypes of invasive and metastatic
breast cancers, invasive ductal carcinoma (IDC) has the
frequency of 50–80 % in invasive forms (Chen et al. 2014),
but there is no accepted marker to distinguish between
lesions at high risk from lesions at low risk of developing
invasive form. In addition, histological typing is not a
powerful marker of metastasis (Reedijk et al. 2005). A
large number of putative molecular markers have been
reported in different studies, but only a few are applicable
for popularization in clinical laboratories (Ko et al. 2013;
Yang et al. 2013). In addition to hormone markers such as
estrogen receptor (ER), progesterone receptor (PR), and
human epidermal growth factor receptor 2 (HER2/neu), the
expression of some critical overexpressed genes such as
Ki-67 and mutated p53 is routinely determined by
immunohistochemistry (IHC) in clinical laboratories for
the diagnosis and staging of breast cancer.
Ki-67 is a nuclear protein associated with cell prolifera-
tion that is expressed in all proliferative cells and in cell cycle
phases except G0 (Cattoretti et al. 1992; Gerdes et al. 1983).
Because the expression of Ki-67 in normal breast tissue is
low (\3 % of cells), measuring the Ki-67 expression could
determine the growth fraction of neoplastic cell populations
(Gnant et al. 2011; Inwald et al. 2013; Untch et al. 2013). P53
gene encodes a tumor suppressor protein. Inactivation of Ki-
67 leads to overexpression of p53 protein, and its overex-
pression is commonly observed in breast cancers (Donepudi
Ms Fau-Kondapalli et al. 2014; Powell et al. 2014). P53
expression is also used for the prediction of response to
chemotherapy or hormone therapy (Soussi and Beroud
2001). Some signaling pathways are also deregulated in
breast cancers, and their pattern can be used as a marker for
the diagnosis or staging of the disease.
Notch is a key signaling pathway involved in regulation
of cell differentiation, proliferation, survival, and mainte-
nance of cancer stem cells (Takebe et al. 2015). Aberrant
activation of this pathway has been reported in different
cancers including breast cancers (Baker et al. 2014).
Reports have showed that high level expression of
NOTCH1 was associated with poor survival in primary
breast cancer-diagnosed patients (Efstratiadis et al. 2007;
Reedijk 2012). Among all Notch receptors, NOTCH1
reveals a dominant expression in cancerous breast tissues
(Mittal et al. 2009). Yet, a clear understanding of the role
of NOTCH1 as a prognostic marker in different breast
cancer types is still lacking. Therefore, in the present study,
we hypothesized that NOTCH1 might be a prognostic
marker of invasive ductal breast carcinoma.
Methods and materials
Samples and cases
Breast cancer tissues and matched adjacent normal breast
tissues from breast cancer patients were obtained from
2013 to 2015 from university hospitals in Tehran. Written
informed consent for biologic studies was obtained from all
patients analyzed in accordance with the Declaration of
Helsinki (151th Ethics committee, Shahid Beheshti
University of Medical Sciences). Parallel sections were
paraffin embedded and prepared for Hematoxylin-eosin
(H&E) staining and histological diagnosis. The fresh
specimens were stored at 4 C for 24 h in RNA Later
(Qiagen, Germany) and then at -80 C until further use.
None of the patients had undergone prior chemotherapy or
radiation therapy. After receiving histological reports, 20
paired samples (10 IDC samples and 10 other types of
breast cancer) were selected for further studies.
RNA extraction, cDNA synthesis
Total RNA was extracted using QIAzol RNA extraction
protocol (Qiagen, Germany) according to the manufac-
turer’s instructions. After confirming the integrity and
quality of RNA using spectrophotometer (Eppendorf,
Germany), DNaseI treatment was performed according to
the manufacturer’s protocol (Sigma-Aldrich, USA). RNA
was stored at -80 C until use. Afterwards, extracted
RNAs were reverse-transcribed using random hexamer and
Expand Reverse Transcriptase (Roche Diagnostics GmbH
Mannheim, Germany) according to the manufacturer’s
manual. The cDNA was stored at -20 C until use.
Real-time RT-PCR
Triplicate real-time PCR reactions were performed for each
gene in a final volume of 13 ll containing 6.25 ll SYBR
Premix Ex Taq II (Tli RNase H Plus, Takara, Japan), 0.2 ll
forward primer (0.4 lm), 0.2 ll reverse primer (0.4 lm),
and 6.35 ll water. Amplification was performed in the
following condition: enzyme activation step at 95 C for
30 s and 40 cycles of two thermal amplification steps
including 95 C for 5 s and 60 C for 30 s. Post-amplifi-
cation melting curve analysis was performed by a slow
increase in temperature (0.2 C/s) from 60 C up to 95 C.
Amplification, data acquisition, and analysis were
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performed on Rotor-Gene Q Instrument (Qiagen, Ger-
many). Considering that determining crossing point (CP)
was necessary for relative gene expression analyses, in this
study ‘‘second derivate maximum method’’ was performed
for CP determination. Fold change in gene expression was
determined using the Relative Expression Software Tool
(REST) (Pfaffl et al. 2002). b-actin gene was used as the
reference gene and underwent all the procedures mentioned
earlier. Non-template control and RT-minus were used in
all of the experiments. MIQE guidelines were recruited in
all of the manipulation steps. Primer sequences are avail-
able in Table 1.
Statistical analysis
Real-time PCR results were analyzed using REST2009
software. SPSS software (version 16.0; SPSS Inc, Chicago,
IL) was used to analyze the patients’ results. The distri-
bution status of data was evaluated using Kolmogorov-
Smirnov goodness of fit test. Since NOTCH1 expression
showed non-normal distribution, non-parametric statistical
tests was performed. Group differences in variables were
compared using Kruskal–Wallis, Chi-square, and Fisher’s
exact test. Graphical procedures were performed using
Microsoft Excel 2010.
In all cases, a p value less than 0.05 was deemed sta-
tistically significant, less than 0.1 was considered slightly
significant, and greater than 0.1 was regarded as non-
significant.
Results
Notch signaling pathway is one of the main signaling
pathways that afflicts in progression and metastasis of
breast cancer. In the present study, we hypothesized that
NOTCH1 is up-regulated in IDC.
All the samples retrieved from women undergoing
breast cancer surgery. The patients recruited in this study
were aged from 30 to 71. Applying histopathology, nine
out of twenty samples were confirmed to be ER
(?)PR(?)HER2/neu(;) and others were ER(-)PR(-)-
HER2/neu (;). Ten samples which were previously diag-
nosed as invasive and infiltrating ductal carcinoma were
selected. The results are presented in Table 2.
To test the hypothesis, we recruited a sensitive real-time
PCR based on SYBR Green I to evaluate the expression of
NOTCH1 in breast cancer and adjacent breast tissue sam-
ples. All the primer and reaction setups were performed
manually. To find out the expression level of NOTCH1,
real-time PCR was carried out for 10 patient samples
having ductal carcinoma and 10 patient samples having
other types of breast cancer. The expression of NOTCH1 in
IDC was significantly higher than that of the patients with
other types of breast cancer (p value\0.001). In fact, all
IDC samples expressed high level of NOTCH1 compared
to other types of breast cancers (Fig. 1).
We also investigated the histopathological reports of
each sample. Statistical analysis showed that NOTCH1 was
slightly correlated with p53 expression (p value = 0.091).
No significant relation was found between ER, PR, HER2/
neu, Ki-67 expression and histopathology of samples or
other molecular markers (p value[0.1).
Discussion
Considering the heterogeneity of breast cancer, prediction
of invasive or migratory potential of a primary tumor might
require determining a lot of biomarkers. All traditional
Table 1 The sequence of primers used in this study
Gene Accession number Forward primer Reverse primer Product length (bp)
b-actin NM_001101.3 CTTCCTTCCTGGGCATG GTCTTTGCGGATGTCCAC 86
NOTCH1 NM_017617 CTGGTCAGGGAAATCGTG TGGGCAGTGGCAGATGTAG 106
Table 2 Investigated parameters of breast cancer samples (n = 20)
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prognostic markers can only identify about 30 % of high-
risk patients. Therefore, new molecular markers are needed
to help in identifying breast cancer patients who are at high
risk of metastasis development and to avoid overtreatment
or under treatment of patients. Actually, a promising
molecular marker should be able to accurately predict
metastatic potential of a breast tumor. Gene-expression
profiling may be the easiest and the most accessible tech-
nique. Microarray gene-expression analysis is a fast and
accurate technique, but it is expensive, cumbersome, and
not accessible in clinical laboratories. As a result, real-time
PCR expression analysis of a molecular marker might be a
more feasible method in routine diagnostic laboratories.
NOTCH1 is one of the main participants in Notch sig-
naling pathway which starts the pathway. Previous studies
showed that the aberrant Notch signaling had tumor-pro-
moting function in breast cancer (Mittal et al. 2009).
Herein, we performed real-time PCR to relatively
quantify the changes in NOTCH1 expression at mRNA
level in breast cancer clinical samples. First, we divided
patient into two subgroups based on histopathological
reports; patients diagnosed with IDC and patients diag-
nosed to have other types of breast cancer. Gene expression
analysis showed that the expression of NOTCH1 in IDC
patients were increased dramatically compared to other
histopathological types. Therefore, high-level expression of
NOTCH1 in breast cancer can be used as a prognostic
marker for detecting IDC. In addition, we found a slight
correlation between over expression of NOTCH1 and p53
gene. Furthermore, previous IHC reports showed that
mutated p53 protein was accumulated in the nucleus of
tumor cells. Patnayak et al. 2015, retrospectively investi-
gated 389 cases of breast cancers. They found no correla-
tion between hormone markers, but they reported over
expression of p53 in invasive breast cancer (Patnayak et al.
2015). Kim et al. 2015, tested 119 invasive ductal carci-
noma samples and proposed ER as a marker of relapse and
metastasis to axillary lymph nodes in invasive breast can-
cer (Kim et al. 2015), while in our limited sample size, we
found no correlation between hormone receptors and the
status of disease.
Hence, NOTCH1 and p53 seem to be a precious indi-
cator of ductal carcinoma type for patients with breast
cancer.
However, accumulated studies have shown alterations in
gene expression of breast tumor cells as biomarkers for
predicting prognosis outcome, mostly with contradictory
results (van ‘t Veer et al. 2002). Therefore, it is most likely
that using one gene has limited the predictive value, and
such approaches with a combination of genes evaluated on
more clinical samples are needed.
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Fig. 1 NOTCH1 expression in
breast cancer samples. Down,
IDC breast cancers. Up, non-
IDC (other types)
58 Page 4 of 5 3 Biotech (2016) 6:58
123
Compliance with ethical standards
Conflict of interest Authors disclose any commercial associations
that might create a conflict of interest in connection with submitted
manuscripts.
Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.
References
Baker AT, Zlobin A, Osipo C (2014) Notch-EGFR/HER2 bidirec-
tional crosstalk in breast cancer front. Oncol 4:360. doi:10.3389/
fonc.2014.00360
Cattoretti G, Becker MH, Key G, Duchrow M, Schluter C, Galle J
et al (1992) Monoclonal antibodies against recombinant parts of
the Ki-67 antigen (MIB 1 and MIB 3) detect proliferating cells in
microwave-processed formalin-fixed paraffin sections. J Pathol
168:357–363. doi:10.1002/path.1711680404
Chen AC, Paulino AC, Schwartz MR, Rodriguez AA, Bass BL,
Chang JC et al (2014) Population-based comparison of prog-
nostic factors in invasive micropapillary and invasive ductal
carcinoma of the breast. Br J Cancer 111:619–622. doi:10.1038/
bjc.2014.301
Donepudi Ms Fau-Kondapalli K, Kondapalli K, Amos Sj Fau-
Venkanteshan P, Venkanteshan P (2014) Breast cancer statistics
and markers. J Cancer Res Ther 10(3):506–511. doi:10.4103/
0973-1482.137927
Efstratiadis A, Szabolcs M, Klinakis A (2007) Notch, Myc and breast
cancer. Cell Cycle 6:418–429 3838 [pii]
Fu J, Allen W, Xia A, Ma Z, Qi X (2014) Identification of biomarkers
in breast cancer by gene expression profiling using human tissues
genom data 2:299–301. doi:10.1016/j.gdata.2014.09.004
Gerdes J, Schwab U, Lemke H, Stein H (1983) Production of a mouse
monoclonal antibody reactive with a human nuclear antigen
associated with cell proliferation. Int J Cancer 31:13–20
Gnant M, Harbeck N, Thomssen C (2011) St. Gallen 2011: summary
of the consensus discussion. Breast Care (Basel) 6:13–141.
doi:10.1159/000328054000328054
Inwald EC, Klinkhammer-Schalke M, Hofstadter F, Zeman F, Koller
M, Gerstenhauer M et al (2013) Ki-67 is a prognostic parameter
in breast cancer patients: results of a large population-based
cohort of a cancer registry. Breast Cancer Res Treat
139:539–552. doi:10.1007/s10549-013-2560-8
Kim YH, Yoon HJ, Kim Y, Kim BS (2015) Axillary lymph node-to-
primary tumor standard uptake value ratio on preoperative
(18)F-FDG PET/CT: a prognostic factor for invasive ductal
breast cancer. J Breast Cancer 18(2):173–180. doi:10.4048/jbc.
2015.18.2.173
Ko JH, Ko EA, Gu W, Lim I, Bang H, Zhou T (2013) Expression
profiling of ion channel genes predicts clinical outcome in breast
cancer. Mol Cancer 12:106. doi:10.1186/1476-4598-12-106
Kumar R, Sharma A, Tiwari RK (2012) Application of microarray in
breast cancer: an overview. J Pharm Bioallied Sci 4:21–26.
doi:10.4103/0975-7406.92726
Mittal S, Subramanyam D, Dey D, Kumar RV, Rangarajan A (2009)
Cooperation of notch and Ras/MAPK signaling pathways in
human breast carcinogenesis. Mol Cancer 8:128. doi:10.1186/
1476-4598-8-128
Patnayak R, Jena A, Rukmangadha N, Chowhan AK, Sambasivaiah
K, Phaneendra BV, Reddy MK (2015) Hormone receptor status
(estrogen receptor, progesterone receptor), human epidermal
growth factor-2 and p53 in South Indian breast cancer patients: a
tertiary care center experience. Indian J Med Paediatr Oncol
36(2):117–122. doi:10.4103/0971-5851.158844
Pfaffl MW, Horgan GW, Dempfle L (2002) Relative expression
software tool (REST) for group-wise comparison and statistical
analysis of relative expression results in real-time PCR. Nucleic
Acids Res 30:e36
Powell E, Piwnica-Worms D Fau-Piwnica-Worms H, Piwnica-Worms
H (2014) Contribution of p53 to metastasis. Cancer Discov
4(4):405–414. doi:10.1158/2159-8290
Rad SM, Langroudi L, Kouhkan F, Yazdani L, Koupaee AN,
Asgharpour S et al (2015) Transcription factor decoy: a pre-
transcriptional approach for gene downregulation purpose in
cancer. Tumour Biol. doi:10.1007/s13277-015-3344-z
Reedijk M (2012) Notch signaling and breast cancer. Adv Exp Med
Biol 727:241–257. doi:10.1007/978-1-4614-0899-4_18
Reedijk M, Odorcic S, Chang L, Zhang H, Miller N, McCready DR
et al (2005) High-level coexpression of JAG1 and NOTCH1 is
observed in human breast cancer and is associated with poor
overall survival. Cancer Res 65:8530–8537. doi:10.1158/0008-
5472.CAN-05-1069
Soussi T, Beroud C (2001) Assessing TP53 status in human tumours
to evaluate clinical outcome. Nat Rev Cancer 1(3):233–240
Takebe N, Miele L, Harris PJ, Jeong W, Bando H, Kahn M et al
(2015) Targeting notch Hedgehog, and Wnt pathways in cancer
stem cells: clinical update. Nat Rev Clin Oncol. doi:10.1038/
nrclinonc.2015.61
Turner N, Pestrin M, Galardi F, De Luca F, Malorni L, Di Leo A
(2014) Can biomarker assessment on circulating tumor cells help
direct therapy in metastatic breast cancer? Cancers Basel
6:684–707. doi:10.3390/cancers6020684
Untch M, Gerber B, Harbeck N, Jackisch C, Marschner N, Mobus V
et al. (2013) 13th st. Gallen international breast cancer confer-
ence 2013: primary therapy of early breast cancer evidence,
controversies, consensus-opinion of a german team of experts
(zurich 2013). Breast Care (Basel) 8(3):221–229. doi:10.1159/
000351692brc-0008-0221
van ‘t Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA, Mao M
et al (2002) Gene expression profiling predicts clinical outcome
of breast cancer. Nature 415:530–536. doi:10.1038/415530a
Weigelt B, Peterse JL, van ‘t Veer LJ (2005) Breast cancer metastasis:
markers and models. Nat Rev Cancer 5:591–602. doi:10.1038/
nrc1670
Yang D, Chen MB, Wang LQ, Yang L, Liu CY, Lu PH (2013) Bcl-2
expression predicts sensitivity to chemotherapy in breast cancer:
a systematic review and meta-analysis. J Exp Clin Cancer Res
32:105. doi:10.1186/1756-9966-32-105
3 Biotech (2016) 6:58 Page 5 of 5 58
123
